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A SENTENCE TEST OF SPEECH PERCEPTION: RELIABILITY, SET EQUIVALENCE, AND SHORT
TERM LEARNING.
PURPOSE:
The general goal of this project is to study the processes and outcomes
of speech perception training in postlingually deafened adults fitted with
cochlear implants. As part of this work we need to measure speech perception
performance, using materials that place different relative emphases on the
several components of the speech perception process. One of the materials
that we have developed consists of 48 sets of topic-related sentences (see
report PRCIl). Thes~ sets have been videorecorded by one female talker. One
of the audio tracks contains the full acoustical signal. The other contains
the output from an electroglottograph and consists mainly of fundamental
voice frequency (see report PRCI3).
The goals of the present study were:
i) to obtain data from normal subjects via lipreading supplemented by
fundamental frequency.
ii) to compare the 48 sets for equivalence under this test condiditon.
iii) to measure any short term learning effects that might occur in
inexperienced lipreaders.
iv) to obtain an estimate of the test-retest reliability of word
recognition scores obtained with these sentence sets under this test
condition.
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TEST 11ATERIALS:
The 48 sets each contain 12 sentences that have been judged by three
independent judges to be appropriate to every day conversation. Each of the
12 sentences is about a specified topic, the 12 topics remaining constant
from set to set. Within each set, there are 4 statements, 4 questions, and 4
commands. Length varies continuously from 3 through 14 words. Sentence type
and length are counterbalanced across topic in the 48 sets.
SUBJECTS:
Subjects were nine adults with no known defect of hearing, or of
corrected vision.
INSTRUHENTATION
Test tapes were played on a 1/2 inch VHS recorder (Panasonic AG6300).
The video signal was displayed on a 19 inch color monitor (Sony KX1901A). The
audio signal was amplified by a linear amplifier and fed to the subjects
through TDH59 headphones. An attenuator permitted adjustment of listening
level in 2 dB steps.
PROCEDURE:
Subjects were tested individually in three sessions. The subject sat 3
feet from the monitor. The audio signal was adjusted for most comfortable
listening (with eyes closed) at the beginning of the first session. This
level was used in all subsequent sessions.
The subject viewed one sentence at a time, after being informed of
sentence topic, and repeated as much as possible. The experimenter indicated
the correct words on a script.
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A score was the percentage of correct words and was based on all words,
regardless of function within the sentence.
DESIGN:
Each subject viewed all 48 sets. The order of presentation was selected
at random for each subject. (A fully counterbalanced design would have
required 48 subjects).
This design permits two analyses: a) one in which set number is a main
effect, and any effects of test sequence are included in the error term, and
b) one in which sequence of testing is a main effect, and any effects of set
number are included in the error term. The inclusion of both sequence and set
number as main effects in a single design would require repeat presentations
of sentences with resulting memory effects.
RESULTS:
The percent words recognized by each subject in each sentence set are
shown in Tables Al and A2 of the Appendix. In Table AI, the sets are arranged
by set number. In Table A2, they are arranged by order of presentation.
A 2-way analysis of variance in the data of Table Al show an
insignificant main effect of test number (!(47,376) = 1.30, R?05, see Table
1). We may therefore conclude that any differences between sets, under these
test conditions and with this type of subject, are not detectably greater
than variations due to subject/set interaction, test-retest variablity, and
short-term learning effects. Figure 1 shows the mean scores for each of the
48 sentence sets.
The residual sum of squares in the analysis of variance of Table 1 was
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2.487, with 376 degrees of freedom, giving an estimated mean square of
0.00845. This provides a standard deviation of 0.0919, from which we derive
95% confidence limits of +/-0.18, or 18 percentage points. These are the
confidence limits for a single score of a single subject, in the region of
85%, that would be obtained if any interset differences were removed. The
combined sum of squares for the error term and interset differences was
3.693, with 423 degrees of freedom. This provides an estimated mean square of
0.00873, from which we obtain a standard deviation of 0.093 and 95%
confidence limits of +/- 18.3 percentage points. Thus, by ignoring any
differences among sets that may exist, we increase the confidence limits of a
single score by only a trivial amount.
In an analysis of the variance in the data of Table
significant main effect of test order was found. (!(47,376) =
see Table 2). Mean test scores as a function of test order
A2,
3.88,
a highly
J2.<.0001,
are shown in
Figure 2. It will be seen that there is a rapid rise of score during the
presentation of the first 8 or 9 sets, followed by a slow growth to about the
30th set, at which point the mean score shows little further increase.
The residual sum of squares in the analysis of Table 2 is 2.487, with
376 degrees of freedom, giving an estimated mean square of 0.00661. From this
we derive a standard deviation of 0.0813 and 95% confidence limits of +/-
0.159, or +/-15.9 percentage points. Thus, if short-term learning effects are
removed, the 95% confidence limits for a single score may be assumed to be
+/- 16 percentage points.
Both analyses revealed significant differences among the scores of
these 9 subjects. Figure 3 shows their mean scores, arranged in ascending
order. It will be seen that individual scores ranged from 69% to 95%.
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DISCUSSION:
These data show that the largest source of variance in repeat testing
was that due to short-term learning. We have no way of knowing whether this
effect showed actual improvements of lipreading performance, improvements in
the ability to integrate limited acoustic information with visual
information, or improved attention to the stimuli accompanying increased
familiarity with the task. The results indicate, however, that naive subjects
should be trained on at least 10 sentence sets before their results are used
as a dependent variable.
Under the conditions of this experiment, any differences among sets
were so small, in relation to error variance, that to remove them would
provide only a slight reduction in the 95% confidence limits of a single
score. Those confidence limits, assuming that learning effects are
eliminated, amount to +/- 16 percentage points. This illustrates the poor
reliability of sentence sets of speech perception. If we require 95%
confidence limits of +/- 10 percentage points, at least 3 sets, or 36
sentences should be used to establish a score. Note also that the confidence
limits may be expected to broaden as the score approaches 50%.
It is interesting to compare the measured standard deviations of
repeated scores with the predictions of binomial theory. Each sentence set
contains 102 words. If each word had to be recognized independently, the
expected standard deviation of repeated scores around an average of 85%,
would be sqr(.85*.15/102), or 0.0354. This is clearly less than the value of
0.0813 obtained from the analysis i_ Table 2. The difference may be assumed
to reflect the fact that the words are not perceived independently, but are
constrained by syntactic and semantic redundancy. In fact, a standard
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deviation of 0.0813 would be expected for scores based on 19.3 independent
items. We may therefore assume that, from the point of view of te~retest
variability, these sentences behave as though the words were grouped into
19.3 independent items (or "chunks") with an average of 5.3 words per item.
The scores of these subjects were extremely high, especially
considering that none were experienced lipreaders. At first, we thought this
was due solely to supplementation by fundamental frequency. Further
investigation, however, revealed significant cross-talk between the two
channels of the video tape recorder. It is possible, therefore~ that
were receiving sufficient segmental information to enhance their
subjects
lipreading
score significantly. The exact contribution of this cross-talk is the subject
of a follow-up study.
CONCLUSIONS:
1. For this recording of the sentence sets, and under the conditions of this
experiment, the sets may be considered of equivalent difficulty.
2. Marked improvements of score occurred during presentation of the first 8
or 9 sets. This short-term learning phenomenon should be taken into account
in experiments in which performance on this test is used as a dependent
variable.
3. The 95% confidence limits of a single score, at around 85%, may be assumed
to be +/- 16 percentage points, excluding short-term learning effects.
4. Test-retest variability is the same as that expected if scores were based
on the independent recognition of 19.3 items, i.e., as though the words were
perceived in "chunks" of 5.3 words each.
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Table 1: Analysis of variance in the word recognition scores of 9 subjects
wiewing 48 sentence sets. Sets are arranged by set number.
SOURCE SUM DEGREES EST. F TAIL
OF OF OF MEAN RATIO PROBA-
VARI- SQUARES FREEDOM SQUARE BILITY
ANCE----------------------------------------------
Subject 2.888 8 0.361 42.72 <.01
Set 0.515 47 0.0110 1.30 .100
Resid. 3.178 376 0.00845 .'
Table 2: Analysis of variance in the word recognition scores of 9 subjects
wiewing 48 sentence sets. Sets are arranged by order of presentation.
SOURCE SUM DEGREES EST. F TAIL
OF OF OF MEAN RATIO PROBA-
VARI- SQUARES FREEDOM SQUARE BILITY
ANCE----------------------------------------------
Subject 2.888 8 0.361 54.6 <.01
Order 1.206 47 0.0257 3.88 <.01
Resid. 2.487 376 0.00661
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FIGURE 1. Nean scores of 9 subjects as a function of set number. Each set
contains 12 sentences and the score is the percentage of words correctly
repeated after one viewing of each sentence. The visual input was
supplemented by acoustic input from an electroglottograph. Subjects were not
experienced lipreaders. Average score was 85%. Tqe main effect of set did not
reach the 5% level of significance in a 2 way analysis of variance.
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FIGURE 2. Hean scores of 9 subjects as a function of order of presentation of
sentence sets. In a 2 way analysis of variance, the main effect of set was
significant at well beyond the 1% level of significance.
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FIGURE 3. Mean percent words recognized C+/- 2 standard errors) by each
subjects. arranged in ascending order of performance. Each data point is
mean of scores on all 48 sentence sets. In an analysis of variance, the
effect of subject was significant at well beyond the 1% level.
of 9
the
main
Set--> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Subject 1 99.0 87.3 76.5 77.5 70.6 85.3 76.5 84.3 88.2 79.4 89.2 94.1 88.2 93.1 73.5 85.3 85.3
2 59.8 74.3 80.4 69.6 63.7 87.3 73.5 72.5 97.1 87.3 91.2 87.3 89.2 66.6 71.6 68.6 48.0
3 90.2 87.3 92.2 84.3 82.4 93.1 90.2 82.4 94.1 81.4 90.2 95.1 95.1 92.2 96.1 97.1 96.1
4 72.3 81.2 90.1 76.4 76.4 59.8 67.6 91.2 85.3 64.8 56.0 93.1 75.5 87.3 84.3 77.2 74.3
5 92.2 97.1 97.1 93.1 92.2 90.2 96.1 86.3 99.0 95.1 99.0 77.5 84.3 87.3 69.6 80.4 95.1
6 97.1 86.3 92.2 92.2 95.1 83.3 77.5 91.2 97.1 83.3 98.0 92.2 79.4 91.2 91.2 74.5 86.3
7 76.5 78.4 68.0 66.0 59.8 52.9 56.9 50.0 97.1 69.6 89.2 95.1 92.2 85.3 85.3 76.5 83.3
8 97.0 97.0 96.0 97.0 97.0 95.0 96.0 95.0 99.0 88.1 99.0 97.0 95.0 99.0 100.0 94.1 98.0
9 78.2 95.1 92.1 93.1 95.1 91.1 90.1 98.0 92.1 83.2 95.0 91.1 95.0 98.0 86.3 84.3 98.0
Mean 84.7 87.1 87.2 83.2 81.4 82.0 80.5 83.4 94.3 81.4 89.6 91.4 88.2 88.9 84.2 82.0 84.9
sd 13.6 8.2 9.9 11.3 14.4 15.1 13.5 14.6 4.9 9.3 13.3 5.9 7.2 9.6 10.8 9.2 16.0
se 4.5 2.7 3.3 3.8 4.8 5.0 4.5 4.9 1.6 3.1 4.4 2.0 2.4 3.2 3.6 3.1 5.3
t(8) 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
cl 10.4 6.3 7.6 8.7 11.0 11.6 10.4 11.2 3.7 7.1 10.2 4.5 5.5 7.3 8.3 7.1 12.3
set 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
89.2 84.3 78.4 92.2 87.3 87.3 95.1 95.1 62.7 84.3 78.4 73.5 89.2 71.6 79.4 88.2 81.4 76.5 87.3
88.2 78.4 78.4 76.5 89.2 82.4 82.4 62.7 68.6 84.3 67.6 79.4 78.4 30.4 77.5 33.3 61.8 79.4 70.6
89.2 95.1 88.2 90.1 86.3 83.3 74.5 89.2 86.3 86.3 90.2 80.4 81.4 92.2 87.3 98.0 93.1 87.3 84.3
86.1 84.2 89.1 86.1 87.1 82.2 69.6 74.0 69.0 66.0 70.0 88.0 67.6 72.0 88.1 77.2 84.2 86.1 87.2
87.3 97.1 95.1 99.0 96.1 97.1 91.2 91.2 96.1 90.2 98.0 98.0 99.0 86.3 93.1 95.1 86.3 89.2 99.0
91.2 85.3 89.2 63.7 72.5 65.7 95.1 97.1 95.1 99.0 98.0 99.0 91.2 81.4 82.4 90.2 85.3 82.4 97.1
88.2 93.1 84.3 82.0 91.0 83.0 81.4 71.0 76.0 79.4 80.4 75.5 83.3 67.0 82.0 84.0 81.0 73.0 86.3
100.0 94.1 96.0 95.0 96.0 92.1 98.0 82.2 80.2 91.1 98.0 96.0 94.1 97.0 96.0 99.0 98.0 99.0 98.0
99.0 88.1 94.1 94.1 96.0 91.2 97.1 91.2 93.1 81.2 94.1 95.0 97.1 93.1 85.2 90.1 87.1 96.0 96.1
90.9 88.9 88.1 86.5 89.1 84.9 87.2 83.7 80.8 84.6 86.1 87.2 86.8 76.8 85.7 83.9 84.2 85.4 89.5
5.1 6.3 6.6 11.0 7.4 8.9 10.5 12.0 12.5 9.1 12.2 10.2 10.1 20.4 6.1 20.2 10.0 8.6 9.1
1.7 2.1 2.2 3.7 2.5 3.0 3.5 4.0 4.2 3.0 4.1 3.4 3.4 6.8 2.0 6.7 3.3 2.9 3.0
2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
3.9 4.8 5.1 8.5 5.7 6.8 8.1 9.2 9.6 7.0 9.4 7.8 7.7 15.6 4.7 15.5 7.7 6.6 7.0
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
37 38 39 40 41 42 43 44 45 46 47 48
88.2 95.1 83.3 84.3 96.1 78.4 77.5 87.3 90.2 77.5 81.4 90.2
80.4 43.1 76.5 60.8 58.8 66.6 69.6 22.5 29.4 45.1 39.2 53.9
85.3 89.2 90.2 81.4 96.1 82.4 80.4 89.2 86.3 83.3 86.3 96.1
79.4 85.1 82.2 79.2 84.2 84.2 82.2 88.1 89.1 95 52.9 71.2
99.0 100.0 89.2 87.3 99.0 86.3 93.1 83.3 88.2 94.1 93.1 99
95.1 91.2 88.2 93.1 76.5 96.1 84.3 90.2 96.1 76.5 93.1 93.1
83.3 54.9 73.0 75.0 64.7 80.0 64.7 63.7 74.5 83.3 78.4 62.7
94.1 73.3 96.0 97.0 95.0 94.1 96.0 94.1 94.1 91.1 100 99
95.1 96.0 89.0 98.0 97.0 91.2 90.1 93.1 95.1 94.1 97 99
mean sd
88.9 80.9 85.3 84.0 85.3 84.4 82.0 79.1 82.6 82.2 80.2 84.9 85.1 3.49
7.2 19.8 7.2 11.8 15.2 9.1 10.4 23.1 21.0 15.7 20.8 17.5
2.4 6.6 2.4 3.9 5.1 3.0 3.5 7.7 7.0 5.2 6.9 5.8
2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
5.5 15.2 5.5 9.0 11.7 6.9 8.0 17.7 16.1 12.0 16.0 13.4
37 38 39 40 41 42 43 44 45 46 47 48
Order--> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Subject 1 76.5 77.5 70.6 85.3 88.2 79.4 89.2 94.1 73.5 71.6 79.4 73.5 85.3 85.3 89.2 84.3 78.4
2 22.5 29.4 39.2 53.9 43.1 58.8 69.6 45.1 66.6 71.6 68.6 48.0 30.4 77.5 33.3 61.8 79.4
3 74.5 81.4 84.3 85.3 90.2 87.3 92.2 84.3 89.2 86.3 86.3 82.4 93.1 90.2 82.4 88.2 90.1
4 52.9 71.2 69.6 67.6 87.2 79.4 76.4 76.4 59.8 67.6 93.1 75.5 87.3 84.3 91.2 85.3 64.8
5 77.5 84.3 87.3 69.6 89.2 87.3 86.3 83.3 88.2 86.3 93.1 95.1 86.3 89.2 92.2 90.2 96.1
6 63.7 72.5 65.7 91.2 76.5 84.3 76.5 83.3 77.5 91.2 97.1 74.5 86.3 91.2 85.3 89.2 97.1
7 59.8 52.9 56.9 50.0 54.9 64.7 64.7 83.3 80.4 75.5 63.7 74.5 78.4 62.7 76.5 78.4 68.0
8 88.1 99.0 97.0 95.0 95.0 96.0 95.0 99.0 91.1 98.0 96.0 100.0 94.1 96.0 95.0 96.0 97.0
9 96.0 91.2 91.2 93.1 98.0 92.1 83.2 95.0 96.0 97.0 90.1 94.1 81.2 94.1 95.0 89.0 98.0
67.9
Mean 67.9 73.3 73.5 76.8 80.3 81.0 81.5 82.6 80.3 82.8 85.3 79.7 80.3 85.6 82.2 84.7 85.4
sd 21.7 21.0 18.4 17.1 18.9 12.3 10.3 15.8 12.1 11.5 12.1 15.7 19.3 10.2 19.3 9.8 13.1
se 7.2 7.0 6.1 5.7 6.3 4.1 3.4 5.3 4.0 3.8 4.0 5.2 6.4 3.4 6.4 3.3 4.4
t(8) 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
cl 16.7 16.1 14.1 13.1 14.5 9.4 7.9 12.1 9.3 8.8 9.3 12.1 14.8 7.8 14.8 7.5 10.1
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
92.2 87.3 87.3 84.3 78.4 84.3 78.4 87.3 90.2 88.2 81.4 76.5 95.1 62.7 81.4 90.2 76.5 84.3 83.3 99.0 87.3
59.8 74.5 80.4 69.6 63.7 82.4 78.4 70.6 80.4 78.4 88.2 78.4 76.5 62.7 68.6 84.3 67.6 79.4 76.5 60.8 66.6
86.3 83.3 90.2 80.4 89.2 96.1 80.4 83.3 94.1 81.4 90.2 95.1 90.2 81.4 82.4 89.2 86.3 86.3 96.1 97.1 96.1
56.0 74.0 69.0 66.0 70.0 88.0 72.0 88.1 77.2 84.2 86.1 77.2 74.3 86.1 84.2 89.1 86.1 87.1 82.2 85.1 84.2
86.3 80.4 95.1 87.3 97.1 92.2 97.1 97.1 93.1 95.1 99.0 96.1 97.1 91.2 96.1 90.2 98.0 98.0 99.0 95.1 99.0
86.3 92.2 92.2 95.1 83.3 98.0 92.2 79.4 91.2 91.2 81.4 82.4 90.2 85.3 82.4 95.1 91.2 97.1 95.1 97.1 95.1
66.0 67.0 82.0 84.0 81.0 73.0 84.0 82.0 91.0 83.0 73.0 75.0 80.0 71.0 76.0 79.4 97.1 69.6 89.2 95.1 81.4
97.0 96.0 97.0 97.0 97.0 96.0 99.0 98.0 99.0 100.0 99.0 73.3 95.0 96.0 91.1 99.0 100.0 94.1 98.0 96.0 97.0
91.2 93.1 95.1 88.1 94.1 94.1 86.3 84.3 98.0 99.0 95.1 91.1 90.1 91.1 95.0 98.0 97.0 99.0 93.1 85.2 90.1
80.1 83.1 87.6 83.5 83.8 89.3 85.3 85.6 90.5 88.9 88.2 82.8 87.6 80.8 84.1 90.5 88.9 88.3 90.3 90.1 88.5
15.3 9.9 9.1 10.4 11.8 8.2 9.2 8.5 7.3 7.8 8.8 8.9 8.5 12.5 8.9 6.3 11.0 9.8 8.0 12.1 10.2
5.1 3.3 3.0 3.5 3.9 2.7 3.1 2.8 2.4 2.6 2.9 3.0 2.8 4.2 3.0 2.1 3.7 3.3 2.7 4.0 3.4
2.3 2.3 2.3 2.3 2.3 2.3 2.3 3.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
11.7 7.6 7.0 8.0 9.1 6.3 7.0 9.4 5.6 6.0 6.7 6.9 6.5 9.6 6.8 4.8 8.4 7.5 6.1 9.3 7.8
39 40 41 42 43 44 45 46 47 48
88.2 93.1 95.1 89.2 87.3 88.2 95.1 96.1 77.5 77.5
89.2 82.4 87.3 91.2 87.3 89.2 87.3 73.5 72.5 97.1
89.2 95.1 92.2 87.3 98.0 93.1 87.3 95.1 92.2 96.1
82.2 95 82.2 79.2 84.2 88.1 89.1 72.3 81.2 90.1
91.2 99.0 99.0 99.0 100.0 99.0 93.1 94.1 93.1 99
99.0 98.0 99.0 96.1 93.1 93.1 88.2 93.1 96.1 90.2
83.3 86.3 83.3 76.5 83.3 88.2 93.1 92.2 85.3 85.3
94.1 94.1 94.1 92.1 82.2 80.2 98.0 94.1 98 94.1
87.1 96.0 78.2 95.1 92.1 93.1 97.1 97.1 96.1 95.1
89.3 93.2 90.0 89.5 89.7 90.2 92.0 89.7 88.0 91.6
5.2 5.4 7.6 7.5 6.4 5.2 4.2 9.7 9.2 6.8
1.7 1.8 2.5 2.5 2.1 1.7 1.4 3.2 3.1 2.3
2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
4.0 4.2 5.8 5.8 4.9 4.0 3.2 7.4 7.1 5.2
